Previous phenotypic factor analyses suggest that C. R. Cloninger's Tridimensional Personality Questionnaire (TPQ; 1987c) assesses 4 rather than 3 temperament dimensions. The purpose of this study was to determine whether Cloninger's revised 4-factor model showed incremental validity over his original model and to investigate the convergent and discriminant validity of Cloninger's dimensions in comparison to the personality dimensions proposed by H. J. Eysenck (1981) and J. A. Gray (1970) . The sample included 2,420 women and 870 men (aged 50-96) from a volunteer population-based sample of twins. Joint phenotypic factor analyses supported Goninger's 4-dimensional temperament model. A 4-dimensional genetical factor structure was also confirmed in genetic analyses of the TPQ higher order dimensions in women. For men only 3 genetic factors were necessary to explain the genetic variance among the TPQ dimensions.
the integration of normal personality variation, psychiatric disorders, n euro biological mechanisms, and learning theory in a unified biosocial theory of personality. However, Cloninger proposed theoretically different conceptualizations for the major personality dimensions and the manner in which those dimensions interact to produce observed personality variation. Furthermore, his model stressed the importance of learning and social influences as being equally important as biological and genetic influences in shaping the development of personality.
Cloninger's original theory (Cloninger, 1986) proposed three primary personality dimensions: Novelty Seeking (NS), Harm Avoidance (HA), and Reward Dependence (RD). These dimensions were hypothesized to be associated with genetically independent neurobiological systems (i.e., behavioral activation, behavioral inhibition, and behavioral maintenance systems in the central nervous system) that have predictable patterns of interaction in their adaptive responses to particular environmental stimuli. NS is hypothesized to be a heritable tendency to respond strongly to novelty and cues for reward (or relief from punishment) that leads to exploratory activity in pursuit of rewards as well as avoidance of monotony and punishment (behavioral activation system). HA is hypothesized to be a heritable tendency to respond strongly to aversive stimuli, leading to learned inhibition of behavior to passively avoid punishment and novelty (behavioral inhibition system). RD is hypothesized to be a heritable tendency to react strongly to rewards and to maintain behaviors previously associated with reward or relief of punishment (behavioral maintenance system). Existing evidence suggests that variation in each of these dimensions is highly correlated with activity in a specific monoaminergic pathway: NS with low basal dopaminergic activity, HA with high serotonergic activity, and RD with low basal noradrenergic activity (Cloninger, 1986) . Cloninger (1986 Cloninger ( , 1987a Cloninger ( , 1987b suggested that it was the interaction of these neurobiological systems that gives rise to specific patterns of behavioral responses to punishment, reward, and novelty, which account for normal personality variation as well as the development of personality and behavioral disorders. That is, although the biogenetic predispositions to the stimulusresponse characteristics of each of the three dimensions are assumed to be independent, the systems are interconnected. NS and RD act together in that the behavioral activation system (NS) influences approach and initial acquisition of rewarded behavior, whereas the behavior maintenance system (RD) influences the rate of extinction of previously rewarded behavior. In contrast, the behavioral inhibition system (HA) has a moderating influence on both NS and RD, leading to the inhibition of exploration of uncertain situations as well as the passive avoidance of punishment and nonreward. Thus, the same response level on one dimension can be expressed in different ways for different individuals, depending on the response levels on the other dimensions.
Cloninger's Revised Four-Dimensional Theory
Cloninger developed the Tridimensional Personality Questionnaire (TPQ; Cloninger, 1987c) to quantify his three personality dimensions; however, the TPQ was not found to adequately assess the full domain of adult personality and did not consistently differentiate well-adapted individuals with extreme profiles on the TPQ dimensions from individuals with personality disorders (Cloninger et al., 1993) . To address these concerns with the TPQ, Cloninger developed the Temperament and Character Inventory (TCI; Cloninger et al., 1993) , which supersedes his original model. The TPQ, however, remains a valid instrument for assessing Cloninger's temperament dimensions.
In addition, Cloninger revised his model for temperament to include four temperament dimensions by adding Persistence (PS) to his three original dimensions of NS, HA, and RD (Cloninger et al., 1993) . PS was originally proposed as a subscale of RD, but recent empirical findings (Cloninger et al., 1991; Heath, Madden, Cloninger, & Martin, in press; Waller, Lilienfeld, Tellegen, & Lykken, 1991) have suggested that PS may operate as a separate temperament dimension. Cloninger and colleagues have shown that dependence on warm social attachments (RD) and persistence despite intermittent reinforcement (PS) are usually dissociated and independently inherited (Cloninger etal., 1993) .
The Present Study
The purpose of this study was to investigate the utility of Cloninger's revised four-dimensional temperament model and to investigate relationships between his dimensions and those proposed by Eysenck (1981) and Gray (1970) . Of specific interest was determining whether his revised four-factor model showed incremental validity over his original model. In addition, we investigated the convergent and discriminant validity of the TPQ in comparison to Eysenck's personality dimensions (revised Eysenck Personality Questionnaire [EPQ-R]; S. B. G. Eysenck, Eysenck, & Barrett, 1985) and a subset of the Karolinska Scales of Personality (KSP; Schalling & Edman, 1986) .
Although the KSP was not specifically designed to measure Gray's (1970) behavioral inhibition system (BIS) and behavioral activation system (BAS) dimensions, we assumed that the scales used in this study provide close approximations to his constructs. Furthermore, the KSP scales include separate scales for cognitive anxiety and somatic anxiety. An important theoretical difference between Cloninger's HA and Gray's BIS (anxiety) dimension is that Cloninger's theory makes different predictions for cognitive and somatic anxiety that Gray's model does not. Under Cloninger's model, individuals high in cognitive anxiety (e.g., frequent anticipatory worries based on specific cues) are expected to be high in HA, whereas individuals high in somatic anxiety (e.g., global uneasiness without specific premonitory cues) are expected to be high on his NS dimension (Cloninger, 1986) . Thus, use of the KSP scales as markers for Gray's dimensions provides an additional test of Cloninger's model.
Method

Participants
The sample was a subset of twins from a volunteer population-based sample recruited for research on tobacco and alcohol use. The original sample pool was by design restricted to Caucasian twins (see Meyer, Heath, & Eaves, 1992 , for details on sample ascertainment). Participants were adult twins 50-96 years of age, originally recruited between 1985 and 1989 through a newsletter published by the American Association of Retired Persons (AARP); hereafter we refer to our sample as the AARP sample. If either twin responded to this original recruitment, both pair members were mailed an initial questionnaire, which included an assessment of the Eysenck personality dimensions (S. B. G. Eysenck et al., 1985) . Subsequently, respondents to this initial questionnaire were mailed a follow-up questionnaire between late 1990 and early 1991 that included Cloninger's TPQ (Cloninger, 1987c) andasubset of the KSP (Schalling & Edman, 1986) .
Valid questionnaires were obtained from 4,119 participants, representing a response rate of 65% (approximately 40% of the originally ascertained sample). The full sample was 74% female (3,049 women and 1,070 men), with a mean age of 67 years. Men were slightly older (M = 67.3; SD = 7.9)than women (M = 66.5; SD = 7.9), but there was substantial variation in age within gender groups. The preponderance of women probably reflects both the earlier mortality of men and the higher tendency of women to participate in volunteer studies.
At the time of original ascertainment, 72% of the sample was married or cohabitating, with men more likely to be married or cohabitating (88%) than women (67%). In addition, respondents were relatively well educated; 52% of the women and 65% of the men had some education beyond high school. The sample also tended to be generally of middleclass socioeconomic status, with approximately 43% reporting an annual income of at least $35,000 (for a more detailed description of this sample, see Prescottetal., 1994) .
Our multivariate analyses, however, required complete data for all of the dependent measures (i.e., we used standard listwise deletion strategies). This requirement resulted in a final subsample of 2,420 women (79% of the full sample of women) and 870 men (81% of the full sample of men) on which all phenotypic analyses were conducted. This final subsample did not show any significant differences from the full sample for any of the demographic variables described above and maintained an identical sex distribution (74% female and 26% male).
Twin Sample
From the final subsample of 3,290 individuals with complete data, there were 1,287 twin pairs (2,574 individuals) for which sufficient information was available to make zygosity judgments. Zygosity was determined through standard questionnaire procedures that assessed the degree of physical similarity among the twins. Opposite-sex twins were obviously classified as dizygotic (DZ) twins. If both twins classified themselves as identical, and neither stated that they were rarely mistaken for each other, they were classified as monozygotic (MZ) twins. If either twin classified themselves as fraternal or responded that they were rarely confused with one another, they were classified as DZ twins. This classification scheme was conservative, with misclassifications most likely to be MZ twins incorrectly assigned as DZ twin pairs. Thus, any biasing effects would be in the direction of overestimating the similarity of DZ twins.
Genetic analyses were based on data from complete twin pairs only. This subsample included: 137 MZ male pairs, 595 MZ female pairs, 60 DZ male pairs, 288 DZ female pairs, and 207 DZ opposite-sex pairs. Note that men, and particularly male DZ twins, were somewhat underrepresented in this subsample, which is often common in volunteer twin samples. However, note that the percentages of complete twin pairs who were men (23%) and women (77%) were comparable to the overall sample.
Measures
TPQ. The version of the TPQ used in the present study was a 100-item, self-administered, true-false instrument (Cloninger, 1987c) . The items were designed to characterize individuals who were high (or low) on one of Cloninger's three dimensions and average on the other two dimensions. In addition, items were specifically derived to place individuals at particular positions (ranging from -3 to +3 standard deviations from the mean) along each dimension.
The TPQ was originally designed to assess 12 primary subscales, 4 for each of the three higher order personality dimensions as denned by Cloninger's (1986 Cloninger's ( , 1987b Examples of NS items include: "I'm slow to get excited about new ideas" (reverse scored), "I think in detail before deciding" (reverse scored), "I'm better at saving money than most" (reverse scored), and "I do things spontaneously." Examples of HA items include: "I'm confident that things will go well 1 ' (reverse scored), "I get tense and worried in unfamiliar situations," "I avoid meeting strangers," and "I have less energy than most." The revised RD scale consisted of items such as: "I'm strongly moved by sentimental appeals," "I don't open up much even with friends" (reverse scored), and "Others think I am too independent" (reverse scored). Items characteristic of the PS scale included: "I often push myself to exhaustion," "I work long after others give up," and "I am satisfied with my accomplishments, and have little desire to do better" (reverse scored).
Eysenck personality dimensions-Short form of the EPQ-R. We used a 48-item short scale version (Short-scale EPQ-R; S. B. G. Eysenck etal., 1985) oftheEPQ(H.J. Eysenck&Eysenck, 1975) forthe present study. This revised short form consists of 12 items for each of Eysenck's three higher order dimensions of personality: Extraversion (E), Neuroticism (N), and Psychoticism (P); plus an additional 12-item Social Conformity or Lie Scale (L). Individual items are scored with a truefalse format (1 = true; 0 = false).
In addition, because the Short-scale EPQ-R assesses a more unidimensional construct for Extraversion (primarily sociability and activity), we added 5 E items and 1 P item measuring impulsivity from the 100-item Eysenck Personality Inventory (H. J. Eysenck & Eysenck, 1964) to the current instrument, yielding a total of 54 items. These items were added to the Short-scale EPQ-R so that the resulting E scale was more consistent with the full E scale of the Eysenck Personality Inventory, which assesses a more complex construct of Extraversion consisting of both sociability and impulsivity subdimensions.
The six additional items were: "Do you stop to think things over before doing anything?", "Have people said that you sometimes act too rashly?", "Do you often make decisions on the spur of the moment?", "Do you often take on more activities than you have time for?", "Do you like doing things in which you have to act quickly?", and "Would you call yourself happy-go-lucky?"
We scored each of the subscales as the sum over the 12 items (18 items for Extraversion) making up the scales. Because of significant skewness of the observed scale score distributions, all subscale scores were log-transformed prior to statistical analysis.
KSP. The KSP (Schalling & Edman, 1986) consists of 135 items hypothesized to measure 15 biologically relevant temperament dimensions. For the present study we used five subscales to assess dimensions that could serve as markers for Gray's (1970) factors. We used the Cognitive Anxiety (CA), Somatic Anxiety (SA), and Muscular Tension (MT) subscales as markers of Gray's BIS dimension and used the Impulsiveness (IMP) and Monotony Avoidance (MA) subscales as markers of Gray's BAS dimension.
Items for each of the subscales were rated on a 4-point scale (1 = does not apply at all, 2 = does not apply particularly well, 3 = applies pretty much, and 4 = applies exactly). Total subscale scores were the average rating over the items making up the respective scales. Examples of CA items included: "Even though I'm right I often have great difficulty getting my point across" and "I don't have much self-confidence." SA included items such as: "My heart sometimes beats hard or irregular for no real reason" and "Sometimes I suddenly start sweating without any particular reason." MT included items such as: "An unexpected noise makes me jump and startle" and "I have difficulty sitting in a relaxed position even in a comfortable chair." Examples of the IMP subscale items included: "I have a tendency,to act on the spur of the moment without really thinking ahead" and "I usually talk before I think." The MA subscale included items such as: "I am always keen on trying out things that are all new" and "I have an unusually great need for change."
Results
Preliminary Analyses
Sample bias. Estimates of genetic and environmental parameters from twin data can be biased if sampling is nonrandom with respect to the variables under study (Neale, Eaves, Kendler, & Hewitt, 1989) . To detect potential sample biases, we compared TPQ scale scores for the present sample with the scale means from a national probability sample reported by Cloninger et al. (1991) . Both men and women in the older adult AARP sample exhibited somewhat lower mean scores than the national probability sample (NS: 11.6 ± 4.8 vs. 13.7 ± 5.2 for men; 12.0 ± 4.7 vs. 13.0 ± 4.9 for women; HA: 10.5 ± 6.1 vs. 10.6 ± 6.0 for men; 12.9 ± 6.4 vs. 12.9 ± 6.1 for women; RD: 16.7 ± 4.6 vs. 18.5 ± 4.3 for men; 18.0 ± 4.3 vs. 20.1 ± 3.7 for women; PS (RD 2 ): 4.6 ± 2.1 vs. 5.6 ± 2.0 for men; 4.9 ± 2.1 vs. 5.6 ± 2.0 for women). For comparison with the national probability sample, RD was scored as the total of all four subscales (i.e., total score RD includes RD 2 ). These mean differences may suggest some ascertainment bias in our AARP sample (e.g., sampling of individuals less extreme on the TPQ dimensions may represent a volunteer bias). However, we assessed more direct checks on the representativeness of our sample by comparing differences between MZ and DZ twin groups and by comparing single responders (twin members whose cotwins did not participate) to data from completepair twins. Nonrandom sampling generally leads to differences in mean and variance between MZ and DZ twins, and a volunteer or cooperation bias would tend to predict differences between single-responding twins and complete-pair twins.
There were no significant differences in mean or variance between single-responding twins and twins from complete pairs for any of the personality measures. In addition, there were few differences between zygosity groups for the majority of the personality scales. Female MZ twins showed slightly higher means than female DZ twins for RD (13.4 ± 3.4 vs. 13.0 ± 3.5, p < .01)andPS(4.9±2.1 vs.4.7 ±2.1,/><.05).Inmen, themean for the EPQ-P scale in MZ twins was lower than for DZ twins (0.12 ± 0.113 vs. 0.15 ± 0.141, p < .05). Although mean differences between zygosity groups are not predicted under most genetic models, these differences are relatively small and may be chance findings due to the large number of mean comparisons performed and the high power of the tests resulting from relatively large sample sizes, particularly for women (i.e., only 3 of the 26 t tests examining mean differences by zygosity were significant). Furthermore, the nonindependence of twin data was ignored for these preliminary analyses, thus these tests will tend to overestimate the statistical reliability of any zygosity group differences.
Comparisons of variance differences between MZ and DZ twins (F = sj I si) are more critical than mean differences to the analyses reported in the present study. Tests for equal variances showed no significant differences for any of the TPQ or KSP scales. There were, however, marginally significant (.01 < p < .05) differences in variance between MZ and DZ twin groups for EPQ scales N, P, and L in men and for EPQ-P in women.
In general, these preliminary analyses suggest that our sample is fairly representative of individuals over age 50 but may show some differences in comparison to younger samples. Although differences between zygosity groups were suggested for some of the personality dimensions, these differences may be chance findings and, even if replicable, are probably too small to lead to substantial bias in the estimates of genetic and environmental parameters from our genetic analyses.
Gender differences. Table 1 shows the means and standard deviations for the respective personality measures for men and women. Note that all of the raw score personality scales showed significant mean gender differences except for EPQ-E and KSP-MA. Because of these gender differences, and potential age effects that will overestimate shared environmental variance in genetic analyses, we adjusted all of the items making up the personality measures for sex, age (both linear and quadratic effects), and Age X Sex interactions, using regression procedures. All subsequent analyses are based on scales derived from these residualized items.
Phenotypic Analysis of the TPQ
Item-level analysis. We first examined the phenotypic structure of the TPQ by factor analyzing the item correlation matrix for the residualized items in the male and female subsamples separately and for the full combined sample. Twelve factors were extracted using principle iterative factor analysis procedures (SAS, 1990) in an attempt to confirm the 12 primary subdimensions of Cloninger's TPQ. In both the male and female subsamples 9 factors corresponded quite closely to the items making up the following subdimensions: HA n HA 3 , HA 4 , NS 2 , NS 3 , NS 4 , RD,, RD 2 , and RD 3 . Two other factors could be identified with the NS] and HA 2 subdimensions, but the pattern of factor loadings was more complex. Only one subscale (RD 4 : Dependence) could not be recovered in any of the samples using various rotational procedures and extracting various numbers of factors. Items for this subscale tended to show complex loadings on multiple factors but primarily loaded with items from the RDi and RD 3 subscales. Given the expected error of measurement in single items, the close cor- respondence of 11 of the 12 subscales to those predicted was impressive. Subscale analyses. Higher order factor analyses of the 12 primary subdimensions confirmed a four-factor phenotypic structure for the TPQ in both men and women. Because similar factor patterns were obtained when we analyzed men and women separately, Table 2 shows the factor pattern matrix (based on PROMAX oblique rotation; SAS, 1990) and factor intercorrelations for the combined full sample. Note that each of the primary subdimensions loaded on the correct higher order factor according to Cloninger's (Cloninger et al., 1993) expectations, with PS (RD 2 ) loading on a separate fourth factor. When only three factors were extracted, PS showed only small loadings (<.2) on a factor with the other RD subscales. Furthermore, examination of the scree plot of the eigenvalues suggested that a four-factor solution would better describe the data. The four-factor solution accounted for approximately 37% of the variability among the subscales, with the PS factor explaining 5% of the total variance. Note also that the four factors are relatively orthogonal. The largest factor intercorrelation is between the NS and RD factors (r= .28).
Because of the larger proportion of women in the sample, these results are very consistent with the results from the female subsample alone. The only notable differences when men's data were analyzed separately was a somewhat larger negative correlation between the HA and PS factors (r = -.26) and a larger positive correlation between the RD and PS factors (r = .35). Internal consistencies for the higher order TPQ dimensions were .86, .72, .73, and .59 for men; and .88, .72, .69, and .58 for women; for HA, NS, RD, and PS, respectively.
Joint Factor Analysis of the TPQ, EPQ, and KSP
To examine the convergent and discriminant validity of the TPQ dimensions, we factored together the TPQ primary subscales and the EPQ and KSP scales in joint factor analyses. Table 3 shows the correlations among the various personality measures, computed separately for men and women. The correlations for women are shown above the main diagonal, and the correlations for the male subsample are shown below the diagonal. Note that, despite the significant mean gender differences described earlier, the phenotypic correlations among the personality measures are quite comparable for men and women. Very few sex differences in the correlations exceeded ± . 10, and the largest difference was only -.14, between TPQ-RD, and KSP-MT.
We performed factor analyses of these correlations separately for men and women and on the correlation matrix for the combined full sample. Evaluation of the scree plots and psychological content of various factor solutions (two to five factors were extracted) suggested that four factors provided the best description of the data in both sexes. The eigenvalues of the reduced correlation matrices indicated a relatively large decrement in variance explained after extraction of the fourth factor. A fourfactor solution explained approximately 40% of the variability among the various personality measures for both men and women. Rotation of a fifth factor explained only an additional 2% of the variance in both subsamples and resulted in more complex factor patterns. Table 4 shows the factor pattern matrix (based on PROMAX oblique rotation; SAS, 1990 ) from the full sample, male and female subsamples combined. Again, analyses conducted on men and women separately yielded very similar results, so they are not shown here. Note that the most characteristic feature of the results shown in Table 4 seems to be that, with the exception of NS, (Exploratory Excitability) and RD 2 (Persistence), the TPQ scales appear to define the factors, whereas many of the EPQ and KSP scales load substantially on multiple factors. For example, EPQ-E loads negatively on Factor 1 (Fl), but also substantially on Factor 2 (F2) and Factor 4 (F4). EPQ-P loads negatively on F4 with the RD subscales but also loads positively on Factor 3 (F3). The three KSP anxiety scales load substantially on both Fl and F2.
As expected, the TPQ-HA subscales load together with the KSP anxiety scales and EPQ-N on a single factor (F1). Consistent with Cloninger's (1986) expectations concerning differences between cognitive and somatic anxiety, KSP-CA does load more highly on this factor than KSP-SA, though both show substantial loadings. Note that EPQ-E loads negatively on Fl with EPQ-N, rather than defining a separate Extraversion factor. However, TPQ-NSi also shows complex loadings on multiple factors, as might be expected given its phenomenological relationship to Extraversion.
Factor 2 is characterized primarily by KSP-MA, KSP-IM, and TPQ-PS. However, although TPQ-PS (RD 2 ) does load on a separate factor from the other TPQ scales, it did not load particularly high on F2. EPQ-E also loads substantially on F2, but in men this loading was negligible (< .25).
Factor 3 is characterized by TPQ-NS with negative loadings on EPQ-L. However, note that F3 also loads on EPQ-P. This loading is substantial in the male subsample (.41) but is negligible in women (< .25). Factor 4 was characterized primarily by the TPQ-RD subscales and a negative loading on EPQ-P. It is interesting that the two scales presumably measuring somatic anxiety symptoms (KSP-SA and KSP-MT) load on Fl and F2, rather than F3, which is characterized by the TPQ-NS subscales. These data seem to suggest that somatic anxiety may be more closely related to the KSP constructs of MA and IMP in this sample than with TPQ-NS as expected under Cloninger's (1986) model. However, F2 and F3 do show substantial factor intercorrelations. In fact, the relationship among TPQ-PS, KSP-MA, and KSP-IM in these data is interesting. When only three factors were extracted, the KSP scales loaded together on a single factor with the TPQ-NS scales. TPQ-PS, however, did not load substantially (> .20) on any factors in the three-factor solution. These results seem to suggest that KSP MA and IM do have NS correlations and also a unique persistence component. However, it should be pointed out that KSP-SA and KSP-CA correlate with each other .75 in women and .77 in men, so it is not clear that they are measuring substantially different constructs in this sample.
Genetic and Environmental Structure of the TPQ
Although the conventional phenotypic analyses described above provide some support for Cloninger's four-dimensional temperament model, the phenotypic correlational structure can be quite different from the underlying genetic and environmental structure (Cloninger, 1987b; Heath & Martin, 1990) . Multivariate genetic analyses use the resemblance among pairs of MZ and DZ twins to allow for the partitioning of the phenotypic covariances among observed measures into genetic and environmental sources. Because the structure of Cloninger's model focuses on the underlying biogenetic structure of temperament, these methods can provide a more appropriate evaluation of Cloninger's theory than the phenotypic factor analytic procedures described above. Table 5 shows the within-pair twin correlations for the four higher order TPQ dimensions. With the exception of PS for men, the MZ correlations are significantly greater than the DZ correlations, indicating a fairly substantial genetic contribution to twin resemblance for these measures. Note also that the DZ male correlations are substantially lower than half the MZ male correlations for HA and RD, suggesting the possibility of nonadditive genetic influences for these dimensions.
Interestingly, PS shows no evidence for greater MZ twin resemblance than DZ twin resemblance, suggesting that common environmental influences underlie twin resemblance for this dimension in males. Note, however, that the DZ male correlations are based on a relatively small number of twin pairs, so their stability may be suspect. Examination of scatter plots, however, did not indicate that outlying cases could account for the unusual pattern of correlations for PS.
Multivariate twin analyses. We fit a series of multivariate twin models (Cholesky triangular decomposition models) to covariance matrices for the four TPQ dimensions (8X8 matrices; 4 measures for each cotwin), computed separately for MZ 25 2
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Y 3 = a 3 iA, + a 32 A 2 + a 33 A 3 Y 4 = male, MZ female, DZ male, DZ female, and DZ opposite-sex twins. Figure 1 shows the Cholesky decomposition for a simple additive genetic model. In Figure 1 the observed measures for 1 member of a twin pair are modeled as the sum of two sets of underlying latent factors representing additive genetic influences (Aj) and nonshared environmental influences (Ei). Nonadditive genetic factors (D s ) and shared environmental influences (Q) were modeled in a similar fashion but are omitted here for clarity. For the simple additive genetic model the decomposition of the variance-covariance matrix among the observed personality scales can be obtained by regression of the observed measures on the latent factors according to the following equations:
where the Y t are the observed phenotypic measurements for one of the twins (e.g., Yj = HA, NS, RD, PS), and A* and Ej are the latent factors representing additive genetic and nonshared environmental influences on the observed personality measures. Notice that Figure 1 models the phenotypic measures for 1 member of a twin pair only. The phenotypic measures of the corresponding cotwin would be modeled in an identical manner. The lowercase a^ and ey represent the standardized regression weights (factor loadings) of the respective factors on the phenotypic measurements. These loadings are constrained to be equal for MZ and DZ twins, and for the 2 members of same-sex twin pairs, but can be estimated separately for men and women and in opposite-sex twins. All latent factors are assumed to have unit variance and are uncorrelated within individual twins. However, theoretical assumptions regarding the genetic and environmental relationships between twin pairs are used to constrain the correlations of these latent factors across twin pairs. Because MZ twins are genetically identical, the additive (Ai) genetic factors correlate 1.0 across members of a twin pair. For DZ twins who share on average half their genes, the correlations among the additive factors (Ai) are constrained to be 0.5 across members of a twin pair following standard genetic theory (Falconer, 1989) . Nonshared environmental influences are those environmental effects unique to the members of a twin pair. Thus, for both MZ and DZ twin pairs, correlations among the nonshared environmental factors (Ej) are constrained to be 0.
The modeling of nonadditive genetic effects (Di) or shared environmental influences (Q) would be accomplished in a similar manner, also following standard genetic theory. Because MZ twins are genetically identical, nonadditive (Dj) genetic factors would also correlate 1.0 across members of a twin pair. In contrast, DZ twins have a l-in-4 probability of having the same genotype at a given locus. Therefore, correlations among nonadditive factors (Dj) would be constrained to be .25 across members of a twin pair. Shared environmental factors (Q) are assumed to be correlated 1.0 across the members of a twin pair for both MZ and DZ twin pairs. This constraint on the shared environmental factors assumes that common environmental influences relevant to the phenotypes of interest have equal effects on MZ and DZ twin pairs. In addition, note that these models assume random mating and no genotype-environment interaction or covariation; assumptions that appear to be well supported for personality variables in general (Eaves, Eysenck, & Martin, 1989) .
We estimated factor loadings with maximum likelihood methods using MX (Neale, 1993) . The modeling program essentially provides estimates for the factor loadings by numerical search for the parameter values that minimize a function that is twice the difference between the likelihood of the data under the model to be tested and the likelihood for the perfectly fitting Note. TPQ = Tridimensional Personality Questionnaire; N = Neuroticism; HA = Harm Avoidance; NS = Novelty Seeking; RD = Reward Dependence; PS = Persistence; MZ = monozygotic; DZ = dizygotic.
model. Under assumptions of multivariate normality, the function is distributed as a chi-square with degrees of freedom equal to the number of observed statistics minus the number of estimated parameters. We tested submodels of the full Cholesky decomposition model by constraining certain coefficients to 0 and recalculating the likelihood ratio for the fit of the reduced model. The difference in chi-square between two nested comparison models is also distributed as chi-square under multivariate normality assumptions, with degrees of freedom equal to the difference in degrees of freedom between the two models. Chi-square difference tests were used to determine if reduced models resulted in a significant loss of fit to the observed data. For example, the full model in Figure 1 assumes that four genetic and four environmental factors are necessary to account for the observed variances and covariances among the four TPQ scales. Of particular interest was whether there was specific genetic variance for each of the four TPQ scales. That is, is it necessary to include four factors to account for the genetic variation among the subscales as Cloninger's (Cloninger et al., 1993) revised model suggests?
In addition, our twin analyses provide estimates of the extent to which the phenotypic correlations among the TPQ scales are genetically or environmentally mediated. Cloninger's (Cloninger et al., 1993) theory assumes that the genetic factors are independent and that any observed phenotypic covariances among the personality dimensions are largely environmentally determined.
Model-fitting results. Table 6 shows the results of fitting a series of multivariate twin models to the TPQ data. Interestingly, although phenotypically there were only minor differences between the factor patterns for men and women, we found significant gender differences when examining the underlying etiological structure of the TPQ. For example, Models 1-3 constrain the underlying genetic and environmental structure of the TPQ to be the same for men and women. The significant chisquare for each of these models indicates that none of the models provide a satisfactory fit to the data.
Models 4-14 are sex-limitation models in which we estimated factor loadings separately for men and women (see Heath, Neale, Hewitt, Eaves, & Fulker, 1989; or Neale & Cardon, 1992 , for details on sex-limitation models). Note that, compared with Models 1-3, corresponding Models 4-6 show a significant improvement in fit to the data. These results suggest that there are significant gender differences in the underlying etiological structure of the TPQ.
A comparison of Models 6 and 4 (AE vs. ADE) indicates that, although our DZ male correlations appeared to be lower than one half the MZ male correlations for HA and RD, nonadditive genetic factors could be dropped from the model without a significant decrement in model fit (x 2 [20] = 14.30; p = .815). However, because of the relatively small number of DZ male twin pairs (N=60), low power is an issue.
The comparison of Model 6 with Model 5 (AE vs. ACE) suggests that, in general, shared environmental factors were unimportant as well. That is, dropping all common environmental factors did not result in a significant decrement in model fit ( x 2 [20] = 15.93, p = .720). However, from Table 5 note that only PS showed a pattern of twin correlations consistent with shared environmental influences. When we tested the significance of individual shared environment factor loadings using single degree-of-freedom comparisons, retaining a single shared environmental factor that loaded only on PS (Model 7) provided a significantly better fit to the data than the simple additive genetic model (Model 6 vs. Model 7; x 2 [l] = 3.88, p = . 049).
Model 7 then provided the base model from which we compared nested submodels. Models 8-10 examined the question of whether four genetic factors were necessary to explain the genetic variation among the TPQ scales. That is, because PS was preceded in the Cholesky decomposition model by HA, NS, and RD, these model comparisons addressed the question of whether there was evidence for genetic variance specific to PS, Cloninger's (Cloninger et al., 1993) proposed fourth factor. Dropping the fourth genetic factor for both men and women (Model 8), and for women alone (Model 10), resulted in a significant decrement in fit compared with Model 7. However, in men only three factors were sufficient to explain the genetic variance among the TPQ dimensions (Model 9 vs. Model 7; PS does represent a fourth dimension in Model 7, but it appears to be environmental rather than genetic in origin. However, an important caveat should be mentioned here. Note that a simpler additive genetic model (Model 6) also provided an adequate fit to the data (x 2 [14O] -153.40, p = .207). Under this model, the heritability (proportion of genetic variance explained) of PS would be estimated at 34%. Given the small number of DZ male twin pairs, the standard error of the DZ male correlation for PS in Table 5 is relatively large. Consequently, the choice between including a common environment factor for PS, or fitting a more parsimonious additive genetic model, is not straightforward with these data. Note, however, that under either model, PS remains a separate fourth dimension accounting for approximately 30% of the variance.
Models 11-14 tested whether the genetic variance for each of the four TPQ scales was specific to one particular scale, or whether there was significant genetic covariation among the TPQ scales. Cloninger's (Cloninger et al., 1993) theory assumes that the four temperament dimensions assessed by the TPQ are genetically independent and that any phenotypic covariation among the TPQ scales is environmentally determined. His model was supported in men (Model 12 vs. Model 7; x 2 [6] = 1.99, p = .921). However, there were significant genetic correlations between HA and NS, and between NS and RD, that could not be dropped from the model for women (Model 13 vs. Model 7; x 2 [6] = 50.03, p < .001). Model 14 was the bestfitting model tested. In this model genetic covariances among the TPQ dimensions were constrained to be 0 for men but freely estimated in women. Environmental covariances among the TPQ dimensions were freely estimated in both men and women.
Additive Genetic Factors
Non-shared Environmental Factors
Estimates of the heritabilities for the TPQ scales, the genetic correlations, and phenotypically standardized genetic covariances among the scales are shown in Table 7 . The corresponding statistics describing the environmental etiological structure are shown in Table 8 . These statistics were obtained from Model 7 for completeness. Note that the heritability of PS was fairly substantial in women (h 2 -.23) but was estimated at nearly 0 for men (h 2 = .03). The single shared environmental factor in Model 7 explained approximately 30% of the phenotypic variance for PS in men (c 2 = .31). As noted above, however, under a simple additive genetic model this variance would be estimated as specific genetic variance. The relative independence of the genetic dimensions can be seen in the pattern of genetic correlations. Significant correlations are noted with footnotes. These correlations, when individually constrained to be 0, resulted in a significantly poorer model fit (by 1 degree-of-freedom chi-square difference tests). For men, none of the genetic correlations were significantly greater than 0. This was found for Model 7 and for Model 6 (AE). In contrast, for women there was a significant negative genetic correlation between HA and NS (r = -.29) and a positive correlation between NS and RD (r = .31).
Environmental correlations among the TPQ dimensions are shown in Table 8 . Nearly all of the correlations were significant for both men and women but were generally small in magnitude. Consistent with Cloninger's (Cloninger et al., 1993) expectations, these data do support the notion that the observed phenotypic correlations among the TPQ scales are largely environmental in origin, particularly in men. For women, on the other hand, the correlations between HA and NS, and between NS and RD, appear to be more genetically mediated. That is, .956"
Note. {N = 1,287 twin pairs.) In Models 4-14, factor loadings are estimated separately for men and women. In Model 7, A (additive genetic effects) and E (unique environmental effects) are Full matrices; C (shared environmental effects) is a single factor loading only on PS (Persistence) in men. Models 8-14 are nested submodels of Model 7. Full = Full four-factor Cholesky decomposition matrix; D = nonadditive genetic effects; Specific = four-factor diagonal pattern matrix (off-diagonal elements constrained to 0). " Indicates the "best-fitting" model by chi-square difference test.
the corresponding phenotypically standardized genetic covariances from Table 7 are substantially larger than the standardized environmental covariances for these relations in Table 8 . The phenotypically standardized genetic and environmental covariances sum to the expected phenotypic correlations under the model. Thus, differences in magnitude between the standardized genetic and environmental covariances can be used to determine whether the expected correlation between two scales is primarily mediated genetically or environmentally. Interestingly, although RD and PS appear to be genetically independent in both sexes, there is a fairly substantial environmental correlation between these dimensions in men.
Discussion
The purpose of this study was to examine the underlying genetic and environmental structure of Cloninger's (1987c) TPQ. Cloninger's model assumes that his temperament dimensions are associated with genetically independent neurobiological systems and that any phenotypic correlations among the dimensions are environmentally determined. Furthermore, Cloninger recently extended his model to include four major temperament dimensions instead of three (Cloninger et al., 199 3) . Of particular interest in this study was determining whether Cloninger's revised four-factor model provided incremental validity over his original three-dimensional model.
Cloninger has further proposed alternative dimensions to those of H. J. Eysenck (1981) and Gray (1970 Gray ( , 1981 . Although several studies have reported evidence validating the predictive utility of Cloninger's model (Brown, Svrakic, Przybeck, & Cloninger, 1992; Cloninger, 1987b; Cloninger, Sigvardsson, & Bohman, 1988; Hesselbrock & Hesselbrock, 1992; Joffe, Bagby, Levitt, Regan, & Parker, 1993; Kleifield, Sunday, Hurt, & Halmi, 1993; McCourt, Gurrera, & Cutter, 1993; Pfohl, Black, Noyes, Kelley, & Blum, 1990; Pomerleau, Pomerleau, Flessland, & Basson, 1992; Whipple & Noble, 1991) , the current study investigated relationships among his dimensions and those proposed by H. J. Eysenck and Gray. Results of conventional factor analyses of the TPQ primary subscales, and joint factor analyses of the TPQ, EPQ, and KSP scales, found support for Cloninger's four-dimensional model as well as for the convergent and discriminant validity of the TPQ. With the exception of NSi (Exploratory Excitability), which showed relatively complex loadings, the TPQ scales appeared to define the factors in a joint phenotypic analysis, whereas many of the EPQ and KSP scales loaded substantially on multiple factors. PS did not load highly on a separate factor in the joint analyses, however, when we analyzed the TPQ primary subscales alone, it clearly represented a separate factor.
The pattern of factor loadings from the joint phenotypic analysis also confirmed several expected relationships among the models proposed by Cloninger (Cloninger et al., 1993) , H. J. Eysenck (1981) , and Gray (1970) . The factor pattern was consistent with the conceptualization that Cloninger's HA and Gray's Anxiety dimensions are very similar and most likely represent a 45° rotation of Eysenck's E and N dimensions. How- ever, Cloninger's NS dimension is not synonymous with Gray's Impulsivity but appears to be further rotated into Eysenck's P space. RD also is not equivalent to EPQ-P, showing only modest negative correlations with this scale.
Cloninger's (1987c) TPQ, however, was designed to assess the underlying biogenetic dimensions of personality, and he has argued that conventional factor analytic procedures that examine observed phenotypic covariation are problematic when the observed variation is the result of the interaction of genetic and environmental factors, as his theory proposes (Cloninger, 1986) . Thus, in the present study we also used multivariate genetic analyses to examine the underlying genetic and environmental structure of the TPQ dimensions.
Our multivariate twin analyses confirmed Cloninger's (Cloninger et al., 1993) hypothesized four-dimensional structure in women. Attempts to explain the genetic variability among the TPQ higher order dimensions with fewer factors for women resulted in unacceptable model fits. Approximately 23% of the genetic variance was specific to PS. In men only three factors were sufficient to explain the genetic variance among the TPQ dimensions. PS did define a separate fourth factor in men, but it was not a fourth genetic dimension with our data. However, this gender difference needs further exploration because of the relatively small number of male DZ twin pairs.
Our data supported Cloninger's (Cloninger et al., 1993) assumption that his proposed personality dimensions are genetically independent. For men none of the TPQ dimensions showed significant genetic correlations. For women, on the other hand, there were significant genetic correlations between HA and NS and between NS and RD. These correlations were not large in magnitude, but if replicated with further data need to be addressed by Cloninger's theory. Genetic correlations between PS and the other TPQ dimensions were not significant, however, suggesting that the PS dimension assesses genetic variance largely independent of the other TPQ dimensions.
Environmental correlations among the TPQ scales also were relatively small in magnitude, the largest being a .25 correlation between PS and RD in men. In general, these correlations were consistent with Cloninger's theory. Cloninger assumes that the NS and RD personality dimensions act together, whereas HA plays a mediating role on both NS and RD. The pattern of environmental correlations was consistent with this conceptualization, showing negative relationships between HA and the NS and RD scales and a positive correlation between NS and RD.
With the exception of PS in men, our findings for HA, NS, and RD were very similar to those reported by Heath et al. (in press ) in a large sample of Australian adult twins. This similarity is striking given that Heath et al. used a condensed 54-item version of the TPQ. HeritabiLities for three dimensions of the TPQ (HA, NS, and RD) were nearly identical to those suggested by Heath et al.'s study. The heritability of PS, on the other hand, was considerably higher in the Australian study, and this discrepancy needs further investigation. The two samples did differ substantially in the age range of the participants. The mean age of Heath et al.'s Australian sample was 42 years, compared with 67 years for our AARP sample. However, common environmental effects are generally expected to decrease rather than increase with age and have not generally been found for personality variables (Eaves, Eysenck, & Martin, 1989) . Thus, it is unlikely that age effects can explain the discrepancy between the two studies. Although the gender difference found in this study deserves further investigation, chance sampling variation combined with a small sample of DZ men may have been responsible for the result.
In summary, we find evidence at the phenotypic level that four temperament factors provide a better description of the domain sampled by Cloninger's (1987c) TPQ than do his original three dimensions. We confirmed this at the genotypic level in women by finding significant specific genetic variance for the Phenotypically standardized E covariances are below the diagonal. HA = Harm Avoidance; NS = Novelty Seeking; RD = Reward Dependence; PS = Persistence. a Constraining correlation to 0 resulted in poorer model fit.
fourth factor (PS) and a significant loss of model fit when reducing the number of genetic factors from four to three. In men, on the other hand, we found only three genetic factors underlying the TPQ higher order dimensions. For men, variance specific to PS appeared to be environmental in origin, but this result needs to be examined further. Cloninger's hypothesis that the genetic factors underlying temperament are independent was largely supported by our data, although there were some gender differences in the apparent structure of the genetic and environmental factors that warrant further exploration.
One limitation of the above analyses should be pointed out. Although the Cholesky decomposition analyses used in this study have suggested that there is genetic variance specific to PS, these analyses do not address the question of whether there are only four dimensions of temperament. As an anonymous reviewer noted, it is entirely possible that genetic analyses of the 12 primary subdimensions, or even the individual items of the TPQ, may indicate that a larger number of genetic dimensions are necessary. Given Cloninger's (1986) previous three-dimensional system, however, our present analyses have shown that there is sufficient genetic variance specific to PS to warrant its consideration as a fourth genetic dimension. This was confirmed in women, but results were less conclusive in men.
